
LA-UR-18-22515
Approved for public release; distribution is unlimited.

Title: Coexisting first- and second order electronic phase transitions in a
correlated oxide

Author(s): Post, Kirk

Intended for: APS March 2018, 2018-03-05/2018-03-09 (Los Angeles, California, United
States)

Issued: 2018-03-23



Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the Los Alamos National Security, LLC for
the National Nuclear Security Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396.  By approving this
article, the publisher recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published
form of this contribution, or to allow others to do so, for U.S. Government purposes.  Los Alamos National Laboratory requests that the
publisher identify this article as work performed under the auspices of the U.S. Department of Energy.  Los Alamos National Laboratory
strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the
viewpoint of a publication or guarantee its technical correctness.



!"#$%&'%()*+%,&'- .(/*&#0"(/ -
",/#,*#1#0',"(%0*23.&#*

',.(&%'%"(&*%(*.*0",,#1.'#/*
"$%/#

!"#$%&'()

*&+%,-#./%,00)"12

,-#./%34%5678



!"#$%&%'$($#)"*+!"#$%&#',)(#-+./0-+1-+!"# 234256+78924:
;-<-+;/=$>=/ *+?-+,)(#@+A%B=-+;$CC+!#$2DE3+7233E:
F-+A$C$G$B*+,)$#/+H>$B#"C"%B#*+%"#$E83+78996:

"() "*)

<%I$G+"BJ%>K$C"%B+K$(+)/GL+="#/BC$BMG/+>/G/0$BC+=/M>//#+%J+J>//=%K+C%+K/C$G+"B#NG$C%>+
C>$B#"C"%B*+!#+##C>NICN>$G+%>+/G/IC>%B"I



!"#"$%&'()$!"#$%&#'*+)"$,(-"$./0'"$1233

! "
#

$%&'%(

!4556&784(9$:4;48+-

) *+

$, *+



pz

Einc Escat

Enf

Escat ! pz (! )

! ! 1
! +1

! !""#$%&'(%)&*)+*$,('""%-,.*/01*23)4,*
%&.#5,6*")5'"*&,'37+%,".*%&(,3'5(%)&

! Escat ,&5).,6*")5'"*6'$2",*2,3$%((%8%(9*
! ," '(*:;*&$*3,6)"#(%)&*<*=*3'.%#6*)+*(%2>

! ?,(,5(%&@*Escat AB%",*65'&&%&@*6'$2",*
,&'4",6*6#47.%++3'5(%)&*)2(%5'"*
5)&(3'6(

C"%.,*5)#3(,69*)+*/DCD*15E,).



! " #$$ %& ' (

) *+,- . / 0! 1 2 !"#$%&"'"()$*#&"*+%,-"-*./* / 0! 1

!010*2)"3#&)4*!"#$%&#56/$0*7"80*9"))0*:;<==>



!"#$%&'()*+,-.%



! "#$ %&'#

!"#$%&'()*+,-.%

! ()
! "#$



! "#$ %&''(! "#$ %&)#

!"#$%&'()*+,-.%

! *+
! "#$

&''(

&)#



!"!#$ %&'

! "#$% &' () *

+ ,-



!"!#$ %&'

! "#



!"!#$ %&'

! "#



!"!#$ %&'

! "#



!"!#$ %&'

! "#



!"!#$ %&'

! "#



!"!#$ %&'

! "#



!"!#$ %&'

! "#



!"!#$ %&'

! "#



!"!#$ %&'

! "#



!"!#$ %&'

! "#



!"!#$ %&'

! "#



!"!#$ %&'

! "#



!"!#$ %&'

! "#



!"!#$ %&'

! "#



!"#$

%&'$



!"#$

%&'$



!"#$

%&'$



!"#$

%&'$
! "#$

! %&'



!"#$

%&'$
! "#$

! %&'



!"#$

%&'$
! "#$

! %&'



!"#$

%&'$
! "#$

! %&'



!"#$

%&'$

!
"#

$

#

# %&

!"#$%&'()*#+%,*-.%/#01.%/234.%56789:

# ' ( )*+



!"#$

%&'$

!
"#

$

#

!"#$%&'()*#+%,*-.%/#01.%/234.%56789:

# %&

# ' ( )*+



!"#$

%&'$

!
"#

$

#

!"#$%&'()*#+%,*-.%/#01.%/234.%56789:

# %&

# ' ( )*+



!"#$

%&'$

!
"#

$

#

!"#$%&'()*#+%,*-.%/#01.%/234.%56789:

# %&

# ' ( )*+



!"#$

%&'$

!
"#

$

#

# %# &

!"#$%&'()*#+%,*-.%/#01.%/234.%56789:

!
"#

$
#

# % '

# ( ) *+,



!"#$

%&'$

!"#$%%&'()*'+,"#,'-.$)#'*,$/)0*0+/

!
"#

$

#

# %& # %# '

!
"#

$
#

12,*'30/"#,4'5#-6'7,+86'7.&)6'9(:;<=



!"#$%&'()*#+%,*-.%/#01.%/234.%56789:

!"#$

%&'$

;)*<==3%64$%0#)*#%-2<4*%$#<(4'$'0(

!
"#

$

#

# %& # %# '

!
"#

$
#



!"#$

%&'$

!"#$%%&'()*'+,"#,'-.$)#'*,$/)0*0+/

!
"#

$

#

# %& # %# '

!
"#

$
#

12,*'30/"#,4'5#-6'7,+86'7.&)6'9(:;<=



!"#$

%&'$

!"#$%%&'()*'+,"#,'-.$)#'*,$/)0*0+/

!
"#

$

#

# %& # %# '

!
"#

$
#

12,*'30/"#,4'5#-6'7,+86'7.&)6'9(:;<=



!"#$%#&"&'()*+%*$%"#

) , - .

!"#$

%&'$

/01*223(4'$("+01+(56*'1($+*#'%$%"#

!
"#

$

#

# %& # %# '

!
"#

$
#

7&+$(8%#01+9(:15;(<+"=;(<63';(>4?@AB

C1*+(D%120(%E*=%#=(6*'(+1F1*210($61(0%'G+1$19(4'$ "+01+(#*$&+1(
"D($61(56*'1($+*#'%$%"#(%#(C0C%-.

H;I;(JG21"09(C*$;(<63';(,K4A



!"!#$ %&'

! "#



! " #$

!"#$%&''()*



! " #$

!"#$%&"%'()*+",

-&&#+", .()*+",



! "#



! "#



! "#



! "#



! "#



! "#



! "#



! "#

!!



! "#

!!



! "#

!!

"#$%



! "#

!!

"#$%

&'(%



! "#

!!

"#$%

&'(%

)'*+#,-./,'/-0'1234+/-25+#6-(1'-*+#,7*(4#6-*12##'5

$

%
$

$
%

$



! "#

!"#$%&'()&")'*"+,-.$)',/$%0'1+"'#$%&2#1.%0'#+,%%"/

$ %& ' (
) *+ ' (

$ %& , (
) *+ ' (

$ %& , (
) *+ , (

- . ' - /01

2
1

1
2

1

T
(K

)



! "#

!"#$%&'()&")'*"+,-.$)',/$%0'1+"'#$%&2#1.%0'#+,%%"/

$

%
$

$
%

$

T
(K

)

&' ( &)*

&' + &)*

, -. ( /
012 ( /

, -. 3 /
012 ( /

, -. 3 /
012 3 /



!"#$%&%'()%('#")*+, -$('$),$#.+%,%-.)-&)/(/%01

"%2'"3)#$%+%.4)&$-5)#.,%&'$$-5#4.',%6)(-5#%.)7#""+
89

:.+;

<',;

!-.(=6,%.4)6>#..'"+)=.('$4-)#)? .(

-$('$)@>#+'),$#.+%,%-.A)7>%6>)
6-'B%+,)7%,>)C="2)*+, -$('$),$#.+%,%-.







!"#$ !
! "#$%&$'()*+,
! -./0'123/+4
! 5$6#$6789)+
! (&$)6':9);./&
! -)&+6'8%/&6<)29
! -./0'829)=7)6*
! 1$29)/.' >+.4=.)#
! ?/4'8%$6*+6
! -./0' @&/6A/.
! -.$)B*/$:9)&69CB9)

%&'() #*+**,-.*
! (/&6)&4'D/$#/&
! 1)%%9$)*'E/;%$67
! 1)&%$6'(.C*9B/
! F,)'(/62B$*/&



! "#$ ! "#$

! %%

!"
"
#!

$%



! "#$ ! "#$

! %%

!"
"
#!

$%



! "#$ ! "#$

! %%

!"
"
#!

$%



! "#$ ! "#$

! %%

!"
"
#!

$%



! "#$ ! "#$

! %%

!"
"
#!

$%



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

!"
"
#!

$%



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

3 / 01 4, %- ( 56
7 8 76

76
, 9 : , ; :

<6
9

=
>, 9

:

5?
7 8 7?

7?
/ 9 : / ; :

<?
9

=
>/ 9 8 @/ 9, A

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

!5
5 6

!7
8



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

/ 01 ( .

/
01

!5
5 6

!7
8



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

, 34 ( . 5 ! 678

, 34 2 . 5 ! "#$

/ 01 ( .

!5
5 6

!7
8



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

/ 01 ( .

3
4

,
%

-
!5

5 6
!7

8



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

/ 01 ( .

3
4

,
%

-
!5

5 6
!7

8



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

/ 01 ( .

3
4

,
%

-



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

/ 01 ( .

3
4

,
%

-



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

/ 01 ( .

3
4

,
%

-
!5

5 6
!7

8



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

/ 01 ( .

3
4

,
%

-
!5

5 6
!7

8



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

/ 01 ( .

3
4

,
%

-
!5

5 6
!7

8



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

/ 01 ( .

3
4

,
%

-
!5

5 6
!7

8



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

/ 01 ( .

3
4

,
%

-
!5

5 6
!7

8



! "#$ ! "#$

! %%

&' ( &)*

&' + &)*

, %- ( .
/ 01 ( .

, %- 2 .
/ 01 ( .

, %- 2 .
/ 01 2 .

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

/ 01 ( .

3
4

,
%

-

567

!5
5 6

!7
8



! "#$ ! "#$

! %%

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

&'( ) *

+
,

-
%

.

/ 01

!5
5 6

!7
8



! "#$ ! "#$

! %%

!"#"$%&&'$()%$*+,,
-"$./01/2 '$()#$,334

&'( ) *

+
,

-
%

.

/ 01

!5
5 6

!7
8


